The new dimeric [Cu 2 (OAc) 4 (2-Clpym) 2 ] complex of 2-chloropyrimidine (2-Clpym) ligand was synthesized, where 2-Clpym coordinated via the nitrogen atom and acts as monodentate ligand. The water molecules of dimeric Cu 2 (OAc) 4 (H 2 O) 2 salt replaced by two 2-Clpym ligands producing the new complex. The nature of synthesized complex was determinated by elemental and spectrochemical (IR, UV-Vis) analysis. Also, the geometries of ligand and complex have been fully optimized using density functional theory (B3LYP) method. The obtained structural parameters are in good agreement with the experimental data, reported for the similar compounds. Also, the calculated and experimental wavenumbers confirm validity of the optimized structures for the ligand and Cu complex.
INTRODUCTION
Pyrimidines with high physiological importance as the components of nucleic acids are very attractive compounds (Anzellotti et al., 2008; Jacobson et al., 2002) . They provide the sites that have bonding potential to the metallic ions. Also, any information about their coordinative properties can be used as a mean for explanation of the metallic role in biological systems (Löffler and Zameitat, 2004) . Many complexes of transition metals with pyrimidine and its derivaties have already been synthesized and reported in the literature (Maddah et al., 2006; Blake et al., 2002; Lumme et al., 1984) .
It has been confirmed that the platinum complexes have toxic effects on body organism especially on kidney tissues. The synthesis of anti-carcinogenic complexes with metallic ions involving normally in human metabolism seems to be advantageous, since the overdose of such elements can simply be excreted from the organism (Lumme et al., 1984) . On the other hand, it has been shown that the complex formation with copper ion increases the anti-carcinogenic effects of the ligands (Gokhale et al., 2001) . The copper complex of 2aminopyrimidine ligand showed the anticancer properties (Lumme et al., 1984) .
On the basis of a literature survey, the only synthesized metallic complex of 2-chloropyrimidine corresponds to that obtained by addition of a Pd(0) compound to 2,4-dichloropyrimidine (Benneche, 1990) . In this work, we have succeeded in the synthesis and characterization of new dimeric complex of 2-Clpym ligand using dimeric [Cu 2 (OAc) 4 (H 2 O) 2 ] salt (OAc = acetate) by IR, UV-Vis, and elemental analysis approaches. Also, theoretically optimized geometries of 2-Clpym ligand and [Cu 2 (OAc) 4 (2-Clpym) 2 ] complex have been reported. Because of novelity of the Cu(II) complex, determination of structural parameters is important.
EXPERIMENTAL

Materials and general methods
All chemicals and solvents obtained from Merck except 2-Clpym which was purchase from Fluka. They used without further purification. Melting points were determinated by Electrothermal-9100 apparatus. Percentage of Cu in complex was obtained by spectrophotometry, using a Shimadzu AA-670 atomic absorption spectrophotometer. Vibrational spectra were obtained as KBr pellets by Perkin Elmer 783 infrared spectrophotometer and electronic spectra were achieved by a Cecil CE9500 UV-Vis spectrophotometer.
Synthesis of [Cu2(OAc)4(2-Clpym)2]
One mmol (0.200 g) of copper(II) acetate-monohydrate was dissolved in 60 ml methanol. A solution of ligand was also prepared by dissolving 2.5 mmol (0.286 g) of 2-Clpym in 40 ml methanol. The former solution was added into the later one at room temperature accompanied by a regular stirring. The formed green precipitate was separated by centrifuging the titled solution, washed by methanol and dried at about 60°C (Yield based on 2-Clpym : 27%).
Theory
All alculations were pereformed with the B3LYP hybrid density functional level (Becke, 1993) using the Gaussian 98 program (Hay and Wadt, 1985) . In the gas phase, geometries of 2-Clpym ligand and [Cu2(OAc)4(2-Clpym)2] complex were optimized at 6-311+G(2d,2p) basis sets expect for Cu atom where LANL2DZ basis set was used with including effective core potential functions. The optimized geometries were confirmed to have no imaginary frequency of the Hessian.
Theoretical calculations of harmonic frequencies on the fully optimized geometries of 2-Clpym ligand and its Cu complex have been performed at B3LYP level, where the used basis sets are LANL2DZ for Cu and 6-31G(d) basis sets for the other atoms. The DFT vibrational wavenumbers are usually higher than the experimental values, which can be corrected by applying the procedure of scaling the wavenumbers . Here, the scale factor of 0.9614 was used for the calculated vibrational wavenumbers (Young, 2001) .
RESULTS AND DISCUSSION
Chemistry
The Cu(II) complex is melted at 246°C, while Cu 2 (OAc) 4 (H 2 O) 2 salt does not melt. Considering that 2-Clpym ligand has a melting point of 63.5 to 64°C, the formation of a new product seems evident. According to the elemental analysis results, one can find out the amount 21.07% relating to Cu. So, the suitable chemical formula for the complex may be Cu 2 (OAc) 4 (2-Clpym) 2.
Electronic spectra
Electronic spectra of free 2-Clpym ligand and Cu 2 (OAc) 4 (2-Clpym) 2 complex were obtained in methanol solutions. The investigation of these spectra indicates the remarkable changes of maximum absorbance relative to л-л* transition of the ligand. These peaks in complex spectrum (300.8 and 213.6 nm) are significantly different from those of ligand (309.0 and 224.0 nm), which is the sign of an interaction between metallic ion and ligand. The weak peak at 712 nm was attributed to Eg T2g transition of the octahedral complex (Cotton and Wilkinson, 2006) .
Geometry optimization
Theoretical studies are powerful tools for providing new insights into chemistry Beyramabadi et al., 2008; Niu and Hall, 2000; Morsali et al., 2010) . The optimized structures of 2-Clpym and [Cu 2 (OAc) 4 (2-Clpym) 2 ] complex with labeling of atoms are shown in Figure 1 . The selected structural parameters of them together with the available experimental data for similar compounds (Blake et al., 2002; Uekusa et al., 1992; Chen et al., 2006; Lu et al., 2004; Harada et al., 1997; Xuan et al., 2003a, b) are collected in Table 1 . As seen, there is a very well agreement between the theoretically determined structural parameters of the 2-Clpym ligand and its Cu(II) complex and the experimental values available in the literature.
As shown in Figure 1 , the Cl atom is in the same plane 198.3, 196.9, 199.7, 198.4, 202, 197.0, 199. with the pyrimidine ring, where the Cu(II) complex has C 2h symmetry point group. The symmetry plane is involved two 2-Clpym ligands and two Cu atoms, where the C 2 symmetry axis is perpendicular to this plane, and passes through of Cu-Cu bond. As given in Table 1 , both of the calculated C7-N2-N4-C15 and N2-Cu1-Cu2-N4 dihedral angles are 180.0°, hence, two aromatic rings are in the same plane with Cu atoms. The acetate groups are located at two sides of earlier mentioned plane which are opposite than each other. The short bonding distance of Cu-Cu indicates the presence of interaction between Cu atoms. This distance is similar to the reported values for the dimeric complexes of Cu (Blake et al., 2002; Uekusa et al., 1992; Chen et al., 2006; Lu et al., 2004; Harada et al., 1997) .
Here, the 2-Clpym ligands act as monodentate via the nitrogen atom of pyrimidine, which are in place of the water ligands relating to the dimeric salt of Cu 2 (OAc) 4 (H 2 O) 2 . Many of structural parameters undergo no noticeable changes when the ligand molecule is coordinated to the Cu(II) ( Figure 1 and Table 1 ). The similar structures with the optimized geometry of [Cu 2 (OAc) 4 (2-Clpym) 2 ] complex have been reported, previously (Blake et al., 2002; Uekusa et al., 1992; Chen et al., 2006; Lu et al., 2004; Harada et al., 1997) .
Vibrational spectroscopy
Theoretical description of vibrational spectra is a valuable tool for identification of the chemical compounds. The IR spectra of 2-Clpym ligand and its Cu(II) complex are presented in Figure 2 . These spectra were investigated by comparing the calculated vibrational modes with those reported in the literatures (Dey et al., 1999; Pui et al., 2007; Ünver et al., 2006) . The selected vibrational wavenumbers computed by the B3LYP/6-31G(d) approach and the corresponding experimental values are listed in Table 2 .
The strong bonds in the 1660-1500 cm -1 region, commonly could be assigned to υ (C=N) and υ (C=C) vibrations Dey et al., 1999; Pui et al., 2007) . These bands are interest since their wavenumbers is diagnostic of the mode of coordination of the ligands. The very strong bands of 2-Clpym ligand at 1267 and 1594 cm -1 were assigned to the symmetrical stretching modes of C=N and C=C bonds which are shifted to 1263 and 1607 cm -1 in the IR spectrum of Cu complex, respectively. The asymmetrical stretching vibrations of C=N and C=C bonds are appeared as a strong band in the IR spectra, at 1751 cm -1 (for the ligand) and 1675 cm -1 (for the complex). On complexation, the υ (C=N) bands are shifted slightly to lower frequencies in the IR spectrum of Cu complex Dey et al., 1999; Pui et al., 2007; Ünver et al., 2006) . For the 2-Clpym ligand and Cu complex, the stretching C-Cl vibration is appeared at 1135 and 1263 cm -1 , respectively. This is an extra reason for coordination of the ligand to the metal ion in via the nitrogen atom of pyrimidine ring, rather than the chlorine atom. Formation of the Cu-N bond results in the appearance of new bands at 632 cm -1 region of the IR spectrum of Cu(II) complex, which is absent in the IR spectrum of free ligand (Pui et al., 2007; Ünver et al., 2006) .
The new strong band at 1555 cm -1 in the IR spectrum of complex was attributed to the C-O and C-C stretching vibrations of acetate group. This band together with ones appeared at 1362, 2801 and 2883 cm -1 of the IR spectrum of complex confirm the coordination of acetate groups.
The C-H stretching vibrations of both the methyl group of acetate (at 2800-3000 cm -1 ) and the pyrimidine ring (at 2900 to 3200 cm -1 ) provide remarkable changes in 2700 to 3300 cm -1 region of the IR spectra.
Conclusion
The [Cu 2 (OAc) 4 (2-Clpym) 2 ] complex has been synthesized and characterized by the atomic absorbtion, UV-Vis and IR spectroscopies. The geometry of the 2-Clpym ligand and [Cu 2 (OAc) 4 (2-Clpym) 2 ] complex were optimized with the B3LYP functional. The frequency Ligand Complex 
